Opsoclonus-myoclonus syndrome (OMS) is considered to be the stereotypical manifestation of a paraneoplastic neurologic syndrome associated with autoantibodies targeting the intracellular Ri antigen (Ri-PNS) in patients with breast cancer.^[@R1][@R2][@R8]^ Following the original descriptions of Ri-PNS, subsequent reports described diverse neurologic presentations (including patients with peripheral nervous system disorders)^[@R9]^ and different oncological associations (e.g., lung cancer).^[@R10]^ Disease course, differential diagnosis spectrum, and long-term outcome remain to be clarified.

To improve the recognition of this disease, we report and analyze herein the clinical features of previously unpublished patients with Ri-PNS resulting from a 20-year, retrospective, nationwide study at the "Centre de référence des syndromes neurologiques paranéoplasiques et encéphalites auto-immunes" (Lyon, France) and compare this French cohort with cases identified from a systematic review of the literature.

Methods {#s1}
=======

Patients {#s1-1}
--------

We retrospectively included all the patients identified between January 1, 1999, and December 31, 2018, whose serum and/or CSF were found to be positive for Ri antibodies. Positivity was defined by 2 complementary detection methods: staining of nucleus and cytoplasm of neurons by indirect immunofluorescence on rat brain sections and a positive confirmation test using a cell-based assay (immunodot, or Western blotting with recombinant protein), as recommended.^[@R11]^ Clinical data were obtained by reviewing the case records of first admission and serial follow-up examinations. Patients with insufficient information (i.e., lacking information on clinical presentation, cancer association, and paraclinical investigations) were excluded from the analysis. Outcomes were assessed using the modified Rankin Scale (mRS); this scale ranges from 0 (no symptoms) to 6 (death). All patients provided written informed consent for the storage and use of their serum, CSF, and clinical information for research purposes. The study was approved by the Institutional Review Board of the University Claude Bernard Lyon 1 and Hospices Civils de Lyon.

Search strategy {#s1-2}
---------------

A systematic review of the literature was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines.^[@R12]^ We searched PubMed for records published in English or French language between January 1, 1988, and January 1, 2018, using the following search terms: (1) the text words "Anti-Ri"; (2) the MeSH term "paraneoplastic syndromes" AND the text words "ANNA-2" OR "NOVA 1" OR "NOVA2." In addition, the reference lists of all selected articles were perused to identify any articles missed. The following data items were extracted from the studies: demographic data, neurologic symptoms, and their mode of onset (defined as acute if developing in \<1 week; subacute: between 1 week and 3 months; progressive: \>3 months), paraclinical data, and type of cancer.

Comparison between the literature and the French cohort of patients {#s1-3}
-------------------------------------------------------------------

We questioned whether the clinico-demographic features of the French cases were different from those of the patients reported in the literature. To perform a comparison between the 2 groups, we included only confirmed cases who did not present with coexisting autoantibodies to have a homogeneous series of patients with an identical biomarker.

Statistical methods {#s1-4}
-------------------

Data are presented as frequencies and percentages for categorical variables and as median and range for continuous variables. Categorical data were analyzed using the Fisher exact test (2 tailed) and numerical data using the Mann-Whitney *U* test. Survival rates were based on Kaplan-Meier estimation with 95% CI. Statistical analyses were performed using the SPSS Statistics software (IBM Corp., Armonk, NY). *p* Values \<0.05 were considered significant.

Data availability {#s1-5}
-----------------

Data reported in this article are available within the article or its supplementary materials. More information regarding the data is available from the corresponding author on reasonable request.

Results {#s2}
=======

Clinical features {#s2-1}
-----------------

A total of 40 patients with Ri-PNS were identified. Four patients were excluded due to insufficient clinical information, leaving a series of 36 previously unpublished cases for analysis (table e-1, [links.lww.com/NXI/A225](http://links.lww.com/NXI/A225)). The median age at disease onset was 66 years (range: 47--87 years), and most patients were women (78%). As the majority (78%) of cases had a multistep disease course, we separated the neurologic features present at onset ([figure 1A](#F1){ref-type="fig"}) from those that constituted the established syndrome ([figure 1B](#F1){ref-type="fig"}).

![Clinical features of Ri-PNS\
Clinical features at onset (A) and in the established syndrome (B) in the French Cohort of patients with Ri-PNS (n = 36). (C) Schematic representation of the complex association of neurologic signs in Ri-Ab--associated syndrome. The interactions between clinical phenomenologies in Ri-Ab--associated syndrome in a Circos plot^[@R31]^ with co-occurrence of cerebellar syndrome, oculomotor disturbances, movement disorders, and opsoclonus-myoclonus. (D) Differences in the clinical spectrum in progressive (violet) and acute/subacute (light blue) forms. LE = limbic encephalitis; Ri-Ab = Ri-antibody; Ri-PNS = Ri-associated paraneoplastic neurologic syndrome; SPS = stiff-person syndrome.](NEURIMMINFL2019026468f1){#F1}

At disease onset, 4 main patterns were observed: cerebellar syndrome (n = 14, 39%), isolated tremor (n = 9, 25%), oculomotor disturbances (n = 6, 17%), and other symptoms (n = 7, 19%). The cerebellar ataxia presentation (14 patients) consisted of gait ataxia associated with action tremor. All the 9 patients presenting with isolated tremor had action tremor involving the upper limbs; in 7/9 cases, it progressed subsequently into an overt cerebellar syndrome. The 6 patients with an oculomotor presentation initially complained of diplopia. Four of them had objective oculomotor deficits on neurologic examination (complete ophthalmoplegia in 2 cases, internuclear ophthalmoplegia in 1 case, and third cranial nerve palsy in 1 case). In the 7 remaining patients, a variety of other CNS signs were observed (OMS, n = 2; confusion, n = 2; stiff-person syndrome \[SPS\], n = 1; limbic encephalitis, n = 1; parkinsonism, n = 1).

At the time the disease reached the plateau phase (median 12 weeks, range: 1--64 weeks; 28% ≥3 months), 24 patients (67%) had symptoms and signs of a cerebellar syndrome ([figure 1B](#F1){ref-type="fig"} and [video 1](#SM1){ref-type="supplementary-material"}). The cerebellar dysfunction rarely remained isolated (n = 3; 8%) and was most commonly associated with other symptoms/signs ([figure 1C](#F1){ref-type="fig"}): oculomotor disturbances (n = 15; 42%), opsoclonus with or without myoclonus (n = 10; 28%), spasticity (n = 9; 25%), dystonia (n = 5; 14%), and parkinsonism (n = 4; 11%). Among all cases, the cerebellar syndrome was the most common component of the full-blown presentation. Seventeen patients with initial cerebellar dysfunction developed signs of brainstem involvement as a secondary step. When the clinical findings did not include a cerebellar syndrome (12 cases; 33% of the total population), the neurologic disorder was more heterogeneous, consisting of oculomotor disturbances (n = 2), oculomotor disturbances and parkinsonism (n = 2), recurrent episodes of confusion (n = 2), OMS associated with spastic paraparesis (n = 2), SPS (n = 2), limbic encephalitis (n = 1), and peripheral neuropathy (n = 1). The patient manifesting limbic encephalitis was a 50-year-old man who presented with psychomotor slowing, behavioral disturbances, and short-term memory loss (mini-mental state examination 17/30).

10.1212/000699_Video_1

###### 

Neurological examination in a patient with Ri-PNS presenting with cerebellar ataxia and slowly progressive course.Download Supplementary Video 1 via [http://dx.doi.org/10.1212/000699_Video_1](10.1212/000699_Video_1)

Other than cerebellar ataxia, the patients manifested a variety of movement disorders, including myoclonus (n = 12, 33%), dystonia (n = 6, 17%; either cervical, n = 4, or jaw-opening \[oromandibular\] dystonia, n = 2), and parkinsonism (n = 6, 17%). All patients with parkinsonism showed bradykinesia and rigidity, whereas only 2 of them also presented with tremor. Parkinsonian features involved asymmetrically the upper limbs and appeared later over the course of the disease in 4/6 patients. In the other 2 patients, parkinsonism was an early manifestation and involved the lower limbs. Supranuclear gaze palsy or ophthalmoplegia associated with parkinsonism was observed in 5/6 patients. Treatment with levodopa was introduced in 2 patients without clinical improvement. All those with parkinsonism were female patients with breast cancer ([video 2](#SM2){ref-type="supplementary-material"}). Among all patients, 13 (36%) developed regional or diffuse pyramidal hypertonia (spasticity), 2 of them in the context of SPS. Sex-related clinical specificities were observed as spasticity and dystonia were present only in female patients, and only male patients presented with transient, recurrent episodes of confusion ([figure 2A](#F2){ref-type="fig"}).

10.1212/000699_Video_2

###### 

Clinical findings in an anti--Ri-positive patient with parkinsonism and oculomotor disturbances.Download Supplementary Video 2 via [http://dx.doi.org/10.1212/000699_Video_2](10.1212/000699_Video_2)

![Sex-related specificities of Ri-PNS\
Clinical (A) and oncological (B) sex-related specificities. Ri-PNS = Ri-associated paraneoplastic neurologic syndrome.](NEURIMMINFL2019026468f2){#F2}

Atypical symptoms and signs were also detected in a minority of patients (n = 5, 14%). Three (8%) developed hyponatremia due to a concomitant syndrome of inappropriate antidiuretic hormone secretion (SIADH). Two others (5%) had severe dysautonomia (including heart rate instability and recurrent cardiorespiratory arrest) and central hypoventilation (Ondine syndrome).

Misdiagnoses concerned 22% of patients (n = 8): 2 of the patients from the French cohort were initially diagnosed with MS, 2 with atypical parkinsonism, 1 with Bickerstaff encephalitis, 1 was extensively studied for a genetic form of hyperekplexia, 1 with vestibular neuritis, and 1 was considered to have a functional neurologic disorder.

Oncologic associations {#s2-2}
----------------------

Thirty-three patients (92%) developed a cancer within 5 years, most commonly breast cancer (n = 22). None of the 14 patients with breast cancer for whom human epidermal growth factor receptor 2 (HER2) status was available were HER2 positive. The type of cancer was significantly associated with the sex of the patient (*p* \< 0.001): as expected, breast cancer was more frequent in female patients (*p* \< 0.001), whereas atypical cancer types (other than breast and lung cancer) were more frequent in men (*p* \< 0.001), including neuroendocrine tumors and mediastinal seminoma ([figure 2B](#F2){ref-type="fig"}).

Among patients with cancer (n = 33), the neurologic syndrome preceded the discovery of cancer in 24 (73%) patients, diagnosis of cancer and PNS were concomitant (\<1 month) in 5 (15%) patients, and the neurologic manifestations followed diagnosis of cancer in 4 patients (12%). The 3 patients without cancer were women (age range: 52--83 years), with similar clinical findings as those with tumors (cerebellar syndrome and oculomotor disturbances in 2; SPS in 1).

Paraclinical data {#s2-3}
-----------------

CSF analysis found pleocytosis in 36% of patients, increased protein content in 68%, and detection of oligoclonal bands in 80%, the latter being the most common CSF abnormality. Only a single CSF analysis was normal if all these 3 parameters were analyzed concomitantly. Brain MRI results were available for 33 patients (92%) and was abnormal in 6 (18%); 5 cases had T2 signal changes in the brainstem (in 1 case, the brainstem lesion coexisted with mesial temporal lobe signal abnormality, with contrast enhancement), and 1 demonstrated an isolated supratentorial lesion (left pallidum hyperintensity). The location and type of neuroradiologic abnormalities are shown in [figure 3](#F3){ref-type="fig"}. Three patients (8%) had coexisting neural antibodies against glutamic acid decarboxylase, Hu, and glutamic acid decarboxylase/Sox-1, respectively (table e-1, [links.lww.com/NXI/A225](http://links.lww.com/NXI/A225)).

![Location and type of the neuroradiologic abnormalities detected in patients with Ri-PNS\
Location (A--E) and type (F--I) of the different neuroradiologic alterations (mainly T2-weighted and fluid-attenuated inversion recovery \[FLAIR\] hyperintensities) detected in the French cohort of patients with Ri-PNS; each color represents a different patient (MRI abnormalities \[arrows\]). Note the prominent involvement of the upper cervical cord (A), brainstem structures (B--D), mesial temporal lobe (D), and basal ganglia (E). Ri-PNS = Ri-associated paraneoplastic neurologic syndrome.](NEURIMMINFL2019026468f3){#F3}

Outcome and immunotherapy treatment {#s2-4}
-----------------------------------

All patients with cancer (n = 33) received oncological treatment. In addition, 21 patients (58%) received immunotherapy: 6 (17%) received only corticosteroid bolus; 5 (14%) IV immunoglobulin (IVIG); 7 (19%) a combination of corticosteroids and IVIG; and 3 (8%) received cyclophosphamide as second-line immunotherapy. The median duration of follow-up was 13 months (range: 1--132 months). Outcome measured by the mRS was available for 22 patients. The median mRS score at disease onset was 3 (moderate disability). At 12 months, the median mRS score was 4 (moderately severe disability; the patient is unable to walk unassisted). Patient 21 showed spectacular improvement in neurologic symptoms (oculomotor disturbance and cerebellar syndrome) following breast cancer treatment with farmorubicin and cyclophosphamide. Using the Kaplan-Meier method, the overall survival at 12 months was estimated to be 73% (95% CI \[0.54--0.85\]), 62% at 24 months (95% CI \[0.41--0.78\]), and 47% at 36 months (95% CI \[0.25--0.65\]). There was no significant difference in overall survival according to use of immunotherapy (log-rank *p* = 0.615) or presence of cancer (log-rank *p* = 0.893).

Literature review {#s2-5}
-----------------

We screened 47 studies (41 isolated observations and 6 case series, detailed in tables e-2 and e-3, [links.lww.com/NXI/A225](http://links.lww.com/NXI/A225)) of the 171 records identified through the PubMed search (figure e-1, [links.lww.com/NXI/A225](http://links.lww.com/NXI/A225)). After removing studies that did not fulfill with the inclusion criteria, 27 studies (describing 55 cases) were included for final analysis.

Comparison between the French cohort and the literature review {#s2-6}
--------------------------------------------------------------

Three patients were excluded from the French cohort due to the presence of coexisting antibodies, leaving 33 patients for analysis. There was no significant difference in terms of clinical or demographic characteristics, other than a significantly greater number of paraneoplastic cases among the French cohort (*p* = 0.023; [table 1](#T1){ref-type="table"}).

###### 

Comparison of Ri-PNS clinical features between patients reported in the literature and those from the French cohort

![](NEURIMMINFL2019026468t1)

Discussion {#s3}
==========

This study provides several important findings concerning the clinical spectrum of patients with Ri-PNS. Most patients with Ri-PNS have a multisystem neurologic involvement, although the cerebellum and the brainstem are most commonly affected. Opsoclonus with or without myoclonus constitutes only a part of the clinical spectrum of this disease, as it appears to be less frequent than previously expected and rarely appears as an isolated manifestation. The typical progression is that of a cerebellar syndrome presenting with subacute gait ataxia, followed in a second stage by signs/symptoms of brainstem involvement, and subsequent involvement of the pyramidal system and basal ganglia. Symptom development is often slower than those of other PNS, showing a chronic course in a large proportion of patients, thus mimicking neurodegenerative conditions. The disorder predominates in females, and breast cancer is the most common cancer type overall.

The original descriptions of Ri-PNS defined OMS as the stereotyped manifestation of this disease.^[@R1][@R2][@R8],[@R13][@R14][@R16]^ However, we demonstrate herein that the clinical phenotype is more heterogeneous and usually involves multiple neurologic systems, the core manifestation being a cerebellar syndrome. It is of note that OMS was present in only a quarter of the French cohort cases, and none of them presented with OMS as an isolated manifestation; the absence of OMS should therefore not exclude the diagnosis of a Ri-PNS.

According to the data presented herein, Ri-PNS is a rare disease, but we suspect that it is largely underdiagnosed. The stepwise course of the syndrome, usually subacute but chronic/progressive in almost 30% of patients, can lead to diagnostic delays or to misdiagnose the disorder as a primarily neurodegenerative disease or as a nonparaneoplastic inflammatory brain disease, thus preventing the early discovery of cancer. This is further supported by the frequency of misdiagnosis that was high in the French cohort. By reviewing critically all available cases, we were able to define a list of differential diagnoses in which Ri-PNS should be considered. The latter are characterized by a subacute/progressive ataxia-plus syndrome that develops in patients without structural or vascular brain abnormalities ([table 2](#T2){ref-type="table"}). In particular, in cases in which ophthalmoplegia associates with ataxia and abnormal reflexes on examination (11% of patients in the French Cohort), the presentation is strongly suggestive of Bickerstaff brainstem encephalitis (BBE), a postinfectious inflammatory brain disease. Both brain MRI and CSF tests are not able to distinguish between the 2 conditions; only a positive test for serum anti-GQ1b antibody, positive in 66% of patients with BBE, would allow a correct diagnosis.^[@R17]^ For example, it has been reported that a patient who presented initially with ophthalmoparesis, tetraparesis, and areflexia following a *Campylobacter jejuni*--related gastroenteritis, received an initial diagnosis of BBE-Guillain-Barré overlap syndrome, later proven to be an Ri-PNS associated with breast cancer.^[@R18]^ Aside from BBE, another relevant differential diagnosis for the Ri-PNS is represented by the group of atypical parkinsonisms, particularly progressive supranuclear palsy (PSP). Both PSP and Ri-PNS can present with supranuclear gaze palsy or ophthalmoplegia and repeated unprovoked falls, in the context of tremor, rigidity, and bradykinesia (14% of the cases in the French cohort). This presentation would likely lead to a diagnosis of probable PSP, although a sudden onset or stepwise or rapid progression should alert the clinician to look for other diagnoses, including autoimmune conditions.^[@R19]^ We believe that patients with Ri-PNS and chronic/progressive course could be missed if this set of criteria is applied strictly.

###### 

Differential diagnosis spectrum of late-onset, sporadic, progressive cerebellar-plus syndrome in patients without structural or vascular brain lesions, in which anti-Ri-PNS should be considered

![](NEURIMMINFL2019026468t2)

Despite previous emphasis of Ri-PNS association with lung cancer,^[@R10]^ we demonstrate herein that, overall, breast cancer is the most frequent tumor found in patients with Ri-PNS. The analysis of the literature series further confirmed this finding. The important implication is that women with Ri antibodies, who account for 3 quarters of patients, should be investigated for the presence of breast cancer, and diagnostic surveillance should continue in cases in which cancer is not detected at the onset of the neurologic syndrome. Conversely, male patients usually harbor neuroendocrine tumors (lung or bladder) or mediastinal seminoma. A rational approach would therefore be to begin the search for an occult cancer with clinical examination and first-level tests (mammography and breast ultrasound) in women, and whole-body CT scan in men, when Ri antibodies are found. Of interest, none of the breast cancers analyzed herein demonstrated HER2 overexpression, which is usually found in approximately 20% of patients with breast cancer in general.^[@R20]^ Conversely, 96% of the tumors in anti--Yo-associated PNS demonstrate HER2 overexpression, strongly suggesting a different pathogenesis for the 2 diseases.^[@R20]^

Isolated confusion, SIADH-related hyponatremia, and severe dysautonomia were not previously reported as possible manifestations of Ri autoimmunity. This allows us to expand the clinical spectrum of the disease. We acknowledge that hyponatremia, especially if severe, could worsen the neurologic status of patients and contribute to the disturbances of gait and confusion.^[@R21]^ Severe dysautonomia resulted in life-threatening arrhythmias, and 1 of the patients experienced repeated episodes of cardiac arrests while he was in the intensive care unit (ICU). Dysautonomia was associated with Ondine syndrome, or central hypoventilation, characterized by normal ventilation while the patient is awake, but severe hypoventilation when asleep. Acquired central hypoventilation can result from pathologic involvement of the brainstem respiratory nuclei, as it was observed in other autoimmune conditions, including anti-Hu brainstem syndrome and anti-N-methyl-D-aspartate receptor encephalitis.^[@R22],[@R23]^ Therefore, initial management and monitoring of patients in the ICU should be systematically proposed if brainstem involvement is present. Despite its phenotypical heterogeneity, there is a specific biological reason for the predilection of the autoimmune process to damage specific anatomic targets, which correspond to the different expression of the Ri antigens also called neuro-oncologic ventral antigen (NOVA)-1 and NOVA-2 in the brain.^[@R24]^ The neuroradiologic abnormalities detected were also in agreement with this distribution, characterized mainly by subtle alterations confined to the brainstem region. The presence of contrast enhancement at the mesial temporal lobe level in one of our patients is an interesting finding, which was previously reported in Ma2 antibody--associated syndrome.^[@R25][@R26][@R28]^

The present study highlights the grim prognosis of patients with Ri-PNS: at 1 year, most of the French patients were unable to walk unassisted, and half of them died within 3 years of disease onset. These findings are in contrast with the favorable prognosis and good functional outcome suggested by others.^[@R29]^ However, we did observe a case with spectacular improvement following breast cancer treatment. Therefore, despite the overall unsatisfactory effect of therapy, we believe that early cancer treatment and response evaluation to immunotherapy are reasonable options in these patients, as in other PNS.^[@R30]^

The present study is limited by its retrospective nature. Nevertheless, it represents the 20-year experience of a reference center, and the analysis of all cases described in the literature allowed us to redefine the main features of this disease.

In conclusion, Ri-PNS is characterized by prominent cerebellar and brainstem involvement, followed by multisystem neurologic dysfunction, with a subacute or chronic/progressive course. This could mislead diagnosis toward a neurodegenerative or an inflammatory nonparaneoplastic condition, during which the presence of underlying tumor would not be investigated. Most patients are women with an associated breast tumor, whereas male patients have a wider cancer association. During the course of the disease, several movement disorders could complicate the picture further, including parkinsonism, cervical and oromandibular dystonia, and SPS. Opsoclonus with or without myoclonus is only a part of the clinical spectrum and is rarely observed as an isolated finding. Neurologists should thus be aware of the more complex phenotype associated with Ri antibodies.
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BBE

:   Bickerstaff brainstem encephalitis

HER2

:   human epidermal growth factor receptor 2

ICU

:   intensive care unit

IVIG

:   IV immunoglobulin

mRS

:   modified Rankin Scale

NOVA

:   neuro-oncologic ventral antigen

OMS

:   opsoclonus-myoclonus syndrome

PSP

:   progressive supranuclear palsy

Ri-PNS

:   Ri-associated paraneoplastic neurologic syndrome

SIADH

:   syndrome of inappropriate antidiuretic hormone secretion

SPS

:   stiff-person syndrome
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